An ultrastructural study has been made to determine to what degree chloroplast differentiation is retarded in leaves of young jack bean (Canavalia ensiformis [L.] DC.) seedlings when they are subjected to mild water stress. Rapid chloroplast differentiation occurred when etiolated seedlings were allowed to green at relative huimidities above 85% but not at a relative humidity of 25%. Response to a drop in humidity was rapid. Germination and early development in the dark occurred at 100% relative humidity. At the time of exposure to light, the etioplasts contained well formed prolamellar bodies. Under high relative humidity conditions, transformation of the prolamellar body was well advanced within 2 hours. Under low relative humidity conditions, however, prolamellar body differentiation was extremely retarded for more than 24 hours following the beginning of illumination.
Changes in ultrastructure accompanying chloroplast de- velopment in greening leaves have been extensively reviewed (2, 8, 15, 16) . The effects of seedling age (5) and light intensity (6) have been studied in barley, and low temperature inhibits greening in corn (7) . Interactions of light intensity and temperature in greening of corn mutants have been investigated (9) (10) (11) . Changes in activity levels of chloroplast and phosphatase and chloroplast acid and alkaline lipase have been recently demonstrated in water-stressed cotton leaves (14) . Few have been made of chloroplast development during greening in response to humidity conditions under which plants may suffer from some degree of water stress. This report extends our previous observations (3) and demonstrates some ultrastructural effects of water stress on chloroplast development in etiolated jack bean leaves.
MATERIALS AND METHODS
Jack bean (Canavalia ensiformis [L.] DC) seeds were germinated in the dark at 25 C for 7 to 10 days in a growth chamber of the Southeastern Plant Environmental Laboratory (Phytotron, Duke University) maintained at 100% relative humidity as previously described (3). All manipulations prior to light exposure were carried out under a low intensity green safelight. For greening experiments one cotyledon was removed to permit effective light exposure of the unexpanded primary leaves, and the hypocotyl was cut under water a few cm below the cotyledons with a razor blade. The excised shoots were placed in a small tube containing distilled H,0.
All greening experiments were carried out in a 25 C chamber under illumination from a bank of fluorescent lamps (General Electric Cool-White 40-w) supplemented with a 1 50-w incandescent lamp. The average light intensity at the leaf surface was 4.5 X 104 ergs/cm2 sec as measured with a YSI Model 65 radiometer calibrated against a National Bureau of Standards tungsten lamp. High humidity conditions (85-90% relative humidity) for greening were obtained by placing water-saturated cotton in the bottom of a rectangular 40-liter glass tank and covering the tank with a glass plate. Low humidity conditions (25% relative humidity) were obtained in the growth chamber by using a dehumidifier.
Leaves were prepared for ultrastructural studies by fixation with 5% glutaraldehyde (Fisher, biological grade) in 1.5% sodium cacodylate buffer at pH 7.3. Leaf pieces 1 mm by 5 to 10 mm were fixed for 2 to 3 hr at 4 C. Etiolated leaves were cut and fixed in the dark. Following several washes in cold buffer, the samples were postfixed with 1 % OsO4 at room temperature. Dehydration in an ethanol series was followed by embedding in Epon 812 in polyethylene capsules. The Epon blocks were cured at 60 C for 36 to 48 hr and then trimmed and sectioned with a Sorvall Porter-Blum MT-1 ultramicrotome using glass or diamond knives. Specimens were stained with uranyl acetate and Reynold's lead citrate. Electron microscopy was performed with an RCA EMU-3 microscope operating at 100 kv.
INHIBITION OF CHLOROPLAST DEVELOPMENT

RESULTS
In order to follow the sequence of early photoinduced events of greening in jack bean leaves, in vivo absorption spectra of intact leaves were obtained using a Zeiss DMR 21 recording spectrophotometer fitted with an integrating sphere. The absorption spectrum (not shown) of 8-day-old intact etiolated leaves corresponded to spectra obtained by identical methods with 9-day-old barley leaves (5) and etiolated bean leaves (12, 17) . After 1 min of exposure to white fluorescent light (2.9 X 103 ergs/cm2'sec) complete transformation of the P650 form occurred resulting in a spectral shift from 650 nm to the 685 nm absorbing Chl while the 632 nm form became evident as a separate absorption peak. After 15 min in the dark following 1 min of illumination, the 685 nm peak underwent the Shibata shift (1) to the 672 nm absorbing form. Thus, the usual photochemical events of Chl transformation were observed in etiolated jack bean leaves.
Dark-grown jack bean leaves contained etioplasts with prominent prolamellar bodies (Fig. 1) . When etiolated primary leaves were allowed to green under humid conditions (85-90% relative humidity; leaf water potential, -5 bars), high rates of Chi accumulation were observed (3). Electron microscopic studies (unpublished results) revealed that complete prolamellar body transformation and development of paired thylakoids had occurred after 2 hr of light exposure. Further grana formation was quite rapid and essentially identical to that observed in other systems (2, 8, 15, 16) .
In contrast to the normal development at high humidity, jack bean leaves greened at low humidity (25%; leaf water potential, -8 bars) had plastids which accumulated Chl at a reduced rate (4) and whose development was markedly inhibited although there was no obvious effect on the appearance of other cellular structures. The prolamellar body was only partially transformed after 4 hr of light (Fig. 2) . No further development was observed after 8 or 12 hr of light exposure (Figs. 3 and 4) . Furthermore, a prolamellar "center" persisted in the plastid after 24 hr in the light (Fig. 5 ), and it was only then that the first signs of lamellar pairing were observed. Thus, complete transformation of the prolamellar body, which occurs in less than 2 hr at high humidity, was suppressed even after 24 hr of light in a dry chamber. Grana formation had only reached a stage roughly equivalent to that found in leaves greened for 2 to 4 hr in the humid chamber.
DISCUSSION
The greening response of jack bean chloroplasts is markedly inhibited by a relative humidity of less than about 50%, and optimal greening has been shown to occur when the humidity is greater than 85% (4). Rapid chloroplast development occurred in iack bean leaves allowed to green in a humid chamber and lamellar pairing took place within the first 2 hr of light exposure. Henningsen and Boynton (5) have shown that prolamellar body transformation in Phaseolus is both temperature-and light-dependent and can be completed in 30 min at 23 C after only 1 min of light exposure. Thus membrane pairing and Chl synthesis in jack bean probably is initiated within the 1st hr after illumination and subsequent to prolamellar body transformation. In light of our observation that the water potential of iack bean leaves is about -5 bars (4) in a humid chamber (85% relative humidity), it is possible that at 100% relative humidity the leaf water potential would be closer to zero and that chloroplast development might be additionally accelerated. The relatively long lag phases (2 hr) for Chl accumulation and thylakoid membrane synthesis often observed in greening studies could be due, in part, to low relative humidity conditions during experimentation. Our results differ from those of Siew and Klein (13) (13) .
The persistence of a prolamellar body even after 24 hr in water-stressed leaves is thought to support our previous suggestion that lack of metabolites (4) 
